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Abstract of JP 7235498 {A) 

PURPOSE:To prevent the roughness of the surface 
when crystallizing amorphous silicon by laser 
annealing to form a polycrystaliine silicon film. 
CONSTlTUTION:An amorphous silicon film 2 on a 
glass substrate 1 is irradiated with KrF excimer laser 
light 7A, 248nm in wavelength, and its uppermost 
part approx. 30nm from the surface is crystallized. In 
the second irradiation, KrF excimer laser with a 
wavelength of 486nm is used. This wavelength 
makes the laser light 7 pass through the 
polycrystaliine silicon film 5C and allows almost all of 
it to be absorbed in the amorphous silicon film 2. 
That selectively rises the temperature of the 
amorphous silicon film 2 on the base side, and melts 
and crystallizes it. and consequently obtains a 
polycrystaliine silicon film 5D having a flat surface. 
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(54) [Title of the Invention] METHOD FOR FORMING CRYSTALLINE SILICON 
FILM 

(57) [Abstract] 

[Object] To prevent surface roughness in the case that a polycrystalline silicon film 
is formed by crystallizing amorphous silicon using a laser annealing method. 
[Constitution] An amorphous silicon film 2 over a glass substrate 1 is irradiated with 
KrF excimer laser light 7A with a wavelength of 248 nm to be crystallized 
approximately 30 nm from a surface. Furthermore, a KrF excimer laser with a 
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wavelength of 486 nm is used in the second irradiation. Laser light 7 with this 
wavelength passes through a polycrystalline silicon film 5C and is almost absorbed 
in a region in the amorphous silicon film 2, so that the amorphous silicon film 2 on 
the base side has selective rise of temperature to be melted and crystallized, and 
consequently a polycrystalline silicon film 5D having a flat surface can be formed. 
[Scope of Claims] 

[Claim 1] A method for forming a crystalline silicon film wherein an amorphous 
silicon film formed over a substrate is irradiated with laser light to be crystallized, 
characterized in that laser light with a wavelength with which extinction coefficient 
in an amorphous silicon film is higher than extinction coefficient in a crystalline 
silicon film is used. 

[Claim 2] A method for forming a crystalline silicon film wherein an amorphous 
silicon film formed over a substrate is irradiated with laser light to be crystallized, 
characterized in that the amorphous silicon film is irradiated with laser light having 
high extinction coefficient in the amorphous silicon film to crystallize only a surface 
of the amorphous silicon film, and subsequently the amorphous silicon film is 
irradiated with laser light having extinction coefficient which is low in the 
crystalline silicon film and high in the amorphous silicon film to crystallize the 
whole amorphous silicon film. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The present invention relates to a method for forming a crystalline silicon film, 
and particularly to a method for forming a crystalline silicon film using a laser 
annealing method. 
[0002] 

[Conventional Art] 

A crystalline silicon film, for example a polycrystalline silicon film has been 
frequently used in liquid crystal display devices, image sensors, general 
semiconductor devices and the like. 
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[0003] 

In the liquid crystal display device, as a driving circuit, a thin film transistor is 
formed using a polycrystalline silicon film formed over a transparent substrate as an 
active layer, and so it is essential that crystallinity of the polycrystalline silicon fdm 
should be improved to obtain a liquid crystal display device with high quality. 
Moreover, since it is necessary to use a low-priced glass substrate of which 
heat-resisting temperature is approximately 600°C from the aspect of the production 
cost, a so-called low-temperature process in which process temperature is 600°C or 
less has been studied and practically used. 
[0004] 

The polycrystalline silicon film is formed mainly using a low pressure 
chemical vapor deposition (LPCVD) method, however the process is performed at 
high temperature of 600°C or more, so that a glass substrate cannot be used. 
Consequently, a method for polycrystallization in which an amorphous silicon film 
is irradiated with laser light is generally used. Hereinafter description is made 
referring to Fig. 4. 
[0005] 

First as shown in Fig. 4 (a), an amorphous silicon film 2 is deposited to have a 
thickness of approximately 100 nm over a glass substrate 1 of which heat-resisting 
temperature is approximately 600°C using an LPCVD method at growth 
temperature of approximately 500°C. After that, irradiation by a short wavelength 
laser having high extinction coefficient with respect to the silicon film, for example 
XeCl excimer laser light is carried out. In the amorphous silicon film 2, most of 
the laser light is absorbed in a surface region 3 within 10 nm from a film surface, 
and the temperature of the region rises and melting is started. 
[0006] 

In the case that the laser light irradiation is further continued, a melted region 
4 is enlarged as shown in Fig. 4 (b), and in the case that the laser light irradiation 
energy is high enough, the whole film is melted, and the whole film becomes a 
melted silicon layer as shown in Fig. 4 (c). 
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[0007] 

When the laser light irradiation is finished, as shown in Fig. 4 (d), the film is 
cooled down and the melted silicon is crystallized, so that a polycrystalline silicon 
fdm 5 is formed. 
[0008] 

The polycrystalline silicon film 5 formed through the aforementioned process 
has fewer crystal defects than that formed using a normal LPCVD method, and it is 
used for an active layer of a thin film transistor, so that transistor characteristic can 
be substantially improved. In the case of an image sensor or the like, the almost 
similar process is used. 
[0009] 

[Problems to be Solved by the Invention] 

In the case of laser-annealing the amorphous silicon film, the melted silicon 
layer is moved while it is crystallized, so that surface roughness or undulation of 
approximately 30 nm is caused in the polycrystalline silicon film 5 as shown in Fig. 
4(d). 
[0010] 

As the conventional method for preventing the surface roughness, as shown in 
Fig. 5 (a), a method is proposed and used in which a silicon oxide film 6 which is 
transparent and easily removed is deposited over an amorphous silicon film 2 at the 
low temperature of 500°C or less to cap it, and subsequently laser-annealing is 
carried out, so that the melted silicon is prevented from moving on the surface at 
crystallization. However, in the method, as shown in Fig. 5 (b), the problem arises 
that oxygen 9 is diffused from the cap oxide film 6 into a melted silicon layer 4 
while the amorphous silicon film is melted, and concentration of oxygen in the 
polycrystalline silicon film is increased, so that the transistor characteristic is 
deteriorated. 
[0011] 

Furthermore, in the case that the cap oxide film 6 is used, since mobility of 
the melted silicon is decreased significantly as the number of times of laser light 
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irradiation (shots) is increased, it is necessary to crystallize an entire surface of a 
wafer by continuous shots and moving an irradiated region. Four times of shots 
are overlapped in a corner of the irradiated region. In the region where shots are 
overlapped, diffusion of oxygen is increased to deteriorate the characteristic of the 
polycrystalline silicon film, and consequently causes fluctuation of the transistor 
characteristic. 
[0012] 

The present invention has an object to provide a method for forming a 
crystalline silicon film for decreasing fluctuation of a transistor characteristic. 
[0013] 

The present invention has another object to provide a method for forming a 
crystalline silicon film having no surface roughness. 
[0014] 

[Means for Solving the Problems] 

A method for forming a crystalline silicon film, for example a polycrystalline 
silicon film of a first invention wherein an amorphous silicon film formed over a 
substrate is irradiated with laser light to be crystallized is characterized in that laser 
light with a wavelength with which extinction coefficient in an amorphous silicon 
film is higher than extinction coefficient in a crystalline silicon film is used. 
[0015] 

A method for forming a crystalline silicon film, for example a polycrystalline 
silicon film of a second invention wherein an amorphous silicon film formed over a 
substrate is irradiated with laser light to be crystallized is characterized in that an 
amorphous silicon film is irradiated with laser light having high extinction 
coefficient in the amorphous silicon film to crystallize only a surface of the 
amorphous silicon film, and subsequently the amorphous silicon film is irradiated 
with laser light having extinction coefficient which is low in the crystalline silicon 
film and high in the amorphous silicon film to crystallize the whole amorphous 
silicon film. 
[0016] 

5/10 



English Translation of JPH7-235498 



[Embodiment] 

Next, the present invention is described referring to the drawings. Figs. 1 (a) 
and (b) are cross-sectional views of a substrate for describing a first embodiment of 
the present invention. 
[0017] 

First as shown in Fig. 1 (a), after an amorphous silicon film 2 was deposited 
to have a thickness of 100 nm over a glass substrate 1 using an LPCVD method, a 
cap oxide film 6 was deposited thereover to have a thickness of 100 nm. Next, 
irradiation by laser light with a wavelength with which extinction coefficient in the 
amorphous silicon film is high is carried out. 
[0018] 

Extinction coefficients k in a crystalline silicon film and an amorphous silicon 
film are shown in Fig. 2. Since the extinction coefficient in the amorphous silicon 
film is higher than the extinction coefficient of the crystalline silicon film at 
wavelengths in the range of 400 nm to 500 nm, in the case that the poly crystalline 
silicon film is irradiated with laser light in this wavelength region, the laser light is 
scarcely absorbed and passes through the substrate of a base, and in the case that the 
amorphous silicon film is irradiated with laser light in this wavelength region, the 
laser light is almost entirely absorbed at a depth of approximately several 10 nm 
from the surface. 
[0019] 

Accordingly, the amorphous silicon film 2 was crystallized using KrF excimer 
laser light with a wavelength of 486 nm. The irradiation by laser light 7 was 
carried out such that the irradiated regions were overlapped. That is, irradiating 
energy was set to approximately 400 mJ/cm 2 such that the polycrystalline silicon 
film in the overlapped region of the laser light irradiation was not melted and only 
the amorphous silicon film 2 was melted and crystallized. 
[0020] 

Owing to the first irradiation, a region 8A in the amorphous silicon film 2 
subjected to the first irradiation becomes a polycrystalline silicon film 5A, and 
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owing to the second irradiation, a region 8B in the amorphous silicon film 2 
subjected to the second irradiation becomes a poly crystalline silicon film 5B as 
shown in Fig. 1 (b). 
[0021] 

In this case, since the polycrystalline silicon film in the region where laser 
irradiation is overlapped is not melted, diffusion of oxygen from the cap oxide film 
6 to the polycrystalline silicon films 5A and 5B is not caused, so that a characteristic 
of the polycrystalline silicon film is not deteriorated. That is, even in the case that 
the irradiation is carried out such that the laser irradiated regions are overlapped, the 
characteristic of the polycrystalline silicon film is not fluctuated. Therefore, in the 
case that a transistor of a liquid crystal display device or an imager sensor is formed 
using the polycrystalline silicon film, fluctuation of the transistor characteristic can 
be decreased. 
[0022] 

Figs. 3 (a) ~ (c) are cross-sectional views of a substrate for describing a 
second embodiment of the present invention. 
[0023] 

First as shown in Fig. 3 (a), after an amorphous silicon film 2 was deposited 
to have a thickness of 100 nm over a glass substrate 1 using an LPCVD method, 
irradiation by light 7A of a KrF excimer laser with a wavelength of 248 nm was 
carried out. In the laser light with this wavelength, as show in Fig. 2, the 
extinction coefficients in the amorphous and crystalline silicon films are high, and 
most of the energy is absorbed within 10 nm from a surface. The amorphous 
silicon film 2 was crystallized approximately 30 nm from the surface by setting 
irradiating energy to be approximately 200 mJ/cm 2 , so that a polycrystalline silicon 
film 5C was formed. A surface of the polycrystalline silicon film is relatively flat 
and is not so rough because the film is not entirely melted. 
[0024] 

Further KrF excimer laser light 7 with a wavelength of 486 nm was used in 
the second irradiation. In this wavelength, since the extinction coefficient in the 
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crystalline silicon film is low and the crystalline silicon film is almost transparent, 
the laser light 7 passes through the polycrystalline silicon film 5C. However, since 
the extinction coefficient in the amorphous silicon film is high, the laser light 7 is 
almost entirely absorbed in a region within 40 ran from an interface between the 
amorphous silicon film 2 and the polycrystalline silicon film 5C. That is, in the 
second irradiation, an amorphous portion on the base side has selective rise of 
temperature to be melted and crystallized, and as shown in Fig. 3 (c), the 
polycrystalline silicon film 5D having a surface which is not so rough can be 
formed. 
[0025] 

As aforementioned, in the second embodiment, the polycrystalline silicon 
film 5C formed over the surface by the first irradiation becomes a cap layer, so that 
surface roughness can be restrained to 10 nm or less. In addition, there is an 
advantage that mixture of oxygen into the silicon film which is a problem in using 
the conventional cap oxide film is not caused. Furthermore, in the first irradiation, 
in the case that laser light having high extinction coefficient in crystalline silicon is 
used, it is possible to suppress enlargement of a crystallized region even if 
irradiation is repeated, so that fluctuation of crystallinity in a region where 
irradiation is overlapped can be decreased. 
[0026] 

The method of the second embodiment can be applied for improvement of 
film quality in a polycrystalline silicon film having inferior cyrstiallinity and an 
amorphous phase by utilizing the characteristics in which laser light that is absorbed 
only in an amorphous portion of silicon is used. For example, in a polycrystalline 
silicon film formed using a plasma CVD method, a region having inferior 
crystallinity which is nearly amorphous exists on the side of the base substrate. By 
irradiating the polycrystalline silicon film with the KrF excimer laser with a 
wavelength of 486 nm, only the region that is a nearly amorphous phase is 
selectively annealed, and the crystallinity can be improved. 
[0027] 
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Note that, the case of forming the polycrystalline silicon film over the glass 
substrate is described in the above embodiment, however, the other insulating 
substrate such as quartz may be also used. 
[0028] 

[Effects of the invention] 

As stated above, according to the first present invention, the amorphous 
silicon film formed over the substrate is laser-annealed using laser light with a 
wavelength with which the extinction coefficient in the amorphous silicon film is 
higher than the extinction coefficient in the crystalline silicon film with the energy 
density with which only amorphous silicon is melted, so that only the amorphous 
silicon film can be crystallized without melting the region of the polycrystalline 
silicon film in which the laser irradiation is overlapped. Accordingly, diffusion of 
oxygen from the cap oxide film into the silicon film as in the conventional case can 
be prevented, so that the polycrystalline silicon film in which the fluctuation of the 
characteristic is decreased can be easily formed. Consequently, the fluctuation of 
the transistor characteristic can be decreased. 
[0029] 

Further in the second present invention, an advantage is brought about that the 
polycrystalline film having a surface which is not so rough can be easily formed in 
the following manner: in the step of crystallizing the amorphous silicon, after the 
amorphous silicon film is irradiated with the laser light having high extinction 
coefficient in the amorphous silicon film and a surface thereof is crystallized, the 
amorphous silicon film is selectively annealed by irradiation with laser light having 
the extinction coefficient which is low in the crystalline silicon film and is high in 
the amorphous silicon film, and the whole film is crystallized. 
[Brief Description of the Drawings] 

[Fig. 1] Cross-sectional views of a substrate for describing a first embodiment of the 
present invention. 

[Fig. 2] A diagram showing the relation between a wavelength of light and 
extinction coefficient of a crystalline silicon film and an amorphous silicon film. 
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[Fig. 3] Cross-sectional views of a substrate for describing a second embodiment of 
the present invention. 

[Fig. 4] Cross-sectional views of a substrate for describing a method for forming the 
conventional polycrystalline silicon fdm. 

[Fig. 5] Cross-sectional views of a substrate for describing the other conventional 
method for forming a polycrystalline silicon film. 
[Explanation of Reference Numerals] 

1 glass substrate 

2 amorphous silicon fdm 

3 surface region 

4 melted region 

5, 5A ~ 5D polycrystalline silicon film 

6 cap oxide film 

7, 7A laser light 

8A, 8B irradiated region 

9 oxygen 
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